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Abstract 
This paper provides a detailed comparison among emission efficient routing mechanisms introduced in previous 
works. Emission efficient routing mechanisms focus on reducing of the emission of required energy to operate 
optical networks such as GMPLS networks, by using green sources of energy in systemic and automatic manner 
without human interaction.  
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of Elhadi M. Shakshuki. 
Keywords: GMPLS; Optical Networks; Green Networks; Routing Mechanism; Energy-aware algorithms; 
1. Introduction 
Based on previous work in [1], [2] and [3] by growing the size and capacity of optical networks, the energy 
demanded for operation of these networks grows subsequently. Traditional routing mechanisms such as work 
introduced in [4] are not aware of energy and emission state of the network and have no method of controlling and 
reducing amount of energy and associated emission. Many attempts have been done to reduce the energy consumption 
of network by various optimization techniques, however reducing the energy beyond some point will reduce the scope 
and expansion of networks. In this paper various emission aware routing mechanisms are reviewed that focuses on 
reduction of the emission of the required energy. The emission awareness and efficiency in networks specially in 
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GMPLS [5] networks is defined as methods to address and reduce the high emission of greenhouse gases produced, 
in generation of electricity required by GMPLS networks to operate. Having real-time information about energy 
sources of different sections of network can help the control plane of GMPLS network to route the light paths mostly 
through sections that are powered by a green source of the energy, therefore sections powered by “non-green” sources 
of energy can be avoided or be operated at lower energy levels to reduce the emissions. The information about source 
of energy can be disseminated through the entire link state area using methods in [6] and [7]. It is important to note 
that when source of energy is changed theses information must be resent to update the control plane information for 
decision-making on routing new connection requests. Change in the energy source of any section is called energy or 
emission topology change in [6] and is treated like any other topology change in the network. In case of regular IP 
networks this could also trigger the area-wide rerunning of Dijkstra and waiting for convergence before being able to 
route any flow of traffic. Next section provides more detail in related works in this field. In this paper route and 
connection may be used interchangeably.  
2. Related Work 
2.1. Energy Efficient Routing Method 
This routing method has been introduced in [7]. In this method a connection request is served with a route that has 
the minimum emission. This work also have introduced the proper extensions to address the need to communicate the 
energy and emission source type information across the network. This approach has significantly reduced the emission 
of the network however at cost of an increase in average resource or lambda usage per connection as shown in [1]. In 
this paper this method will be denoted as EE. Writers of [8] have introduced another variant of EE that is capable of 
rerouting the already established connections in order to reduce the emission even more and it is denoted as A-EE 
hence the name adaptive EE in this paper. 
2.2. Emission aware and SLA based Routing Mechanism (EASB) 
This method benefits from a hybrid approach to calculate a hybrid cost that is used for routing the light paths for 
each connection request. By using this method as shown in [1] the overall emission can be reduced and efficiency in 
resource allocation and usage can be achieved. The hybrid cost for a route in this method is calculated by combining 
the length of route (hops) and logarithmic value of the sum of emission of links used in the route, known as emission 
factor or EF. Calculation of hybrid cost is shown in (1) as: 
ܪܥ݋ݏݐ௥௢௨௧௘ ൌ ߙ ൈ ߣ௥௢௨௧௘ ൅ ሺͳ െ ߙሻ ൈ ܧܨ௥௢௨௧௘ (1) 
in which ߙ=0.35 is the balancing factor based on information on [1], ߣ௥௢௨௧௘ is the length of the route and ܧܨ௥௢௨௧௘ is 
the emission factor of the route. K shortest path in finding the most available routes is in [4] is used in this approach 
and the route with minimum hybrid cost that meets the SLA requirements of the connection request serves the 
connection request. 
 
2.3. Adaptive Emission Aware and SLA based Routing Mechanism (A-EASB) 
Adaptive Emission aware and SLA based routing mechanism is introduced in [2]. As mentioned in [2] the main 
motivation behind this approach was to address the deficiency of EASB with emission topology change. EASB can 
use the newly disseminated LSAs (in case of emission topology change) in the link state area to route the connection 
requests through the nodes and links that have lower emissions but is not capable of re-optimizing and rerouting the 
already established connections, flowing through sections that might not have the desired low emission anymore due 
to emission topology change. The re-provisioning mechanism of adaptive approach (A-EASB) is then triggered to 
recalculate a new route for each individual established connection based on new emission information or newly 
received LSAs. The established route is replaced if newly calculated route meets the SLA parameters of the connection 
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request and has lower hybrid cost compared to calculated value of hybrid cost for current route based on new emission 
information. This approach reduced the amount of emission even more when compared to EASB, however introduced 
an extra overhead on control plane of GMPLS network. This extra overhead as stated is to check all established routes 
in case of emission topology change to find routes with less hybrid cost and replace the routes which includes releasing 
the resources of old (established) route and assigning resources to the new route, however saving in emission may or 
may not be significant so the entire operation becomes unnecessary.  
 
2.4. Dynamic re-provisioning of Emission Aware and SLA based Routing Mechanism 
Dynamic re-provisioning of EASB (DP-EASB) was introduced in [3] to address the issue of extra overhead on 
control plane of optical network with A-EASB. This approach mimics the A-EASB however defers in one aspect that 
it replaces the route of established connection (re-provisions established connection) in case of emission topology 
change, only if the new route reduces the hybrid cost of the route more than a predefined percentage. This percentage 
value is called the threshold value in reduction of hybrid cost. If the new route gets the approval to replace the current 
(established route), resource management stage is engaged to allocate and assign the resource of new route, before 
releasing the current route of established connection. After new route is established the old route is released. With 
proper threshold value, the second part of re-provisioning the established connections can be avoided when there is 
no significant and acceptable reduction in the emission of current (established) route. The value of threshold was 
calculated as 5% in [3]. 
2.5. Parameters for Optical links 
The work in [9] has proposed energy values for nodes and inline amplifiers of optical link used in the simulation 
part of this paper. The algorithm suggested in [9] has showed that it is possible to improve the energy efficiency of 
the optical network by minimizing the number of working optical amplifiers in the network. In this paper the unused 
fibre optics are placed in off/standby state.  
 
3. Performance Analysis 
3.1. Simulation Environment 
The simulation network topology is the NSFnet network presented in Fig. 1. There are 14 nodes and 21 
bidirectional links. Each link has 64 available to assign lambdas. Nodes of network have been separated by distances 
given on top of each point to point link in unit of km. The First Fit method without the continuity constraint for 
resource assignment is used [10] for resource allocation. Each inline amplifier is placed at every 80 km of optical 
links. Two types of green and non-green energy sources [11] can power links in the network on random bases and this 
information is disseminated through the network using the method proposed in [5], [6] and [7]. To deal with dynamic 
connection requests, it is assumed the routing and signalling information is propagated using OSPF-TE [12] and 
(RSVP-TE) [13]. A Poisson process with mean arrival rate of 10 requests per hour is considered for the arrival of 
connection requests. The holding time of the connections follows an exponential distribution with the mean value of 
μ=8 hours. The offered load [14] is defined as the mean arrival rate multiplied by mean connection duration. The 
emission amount for each energy source powering nodes and optical links of the network has been adopted form the 
greenhouse gas emissions values provided in work [13].  
3.2. Simulation Parameters 
This section of paper will detail the results of simulation comparing EE, A-EE, EASB, A-EASB and DP-EASB 
against traditional and “SLA based only (SB)” routing mechanism in [4] which is not aware of emission information 
and therefore has the highest emission. Parameters for comparing the different routing mechanisms are: the average 
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route length or efficiency of resource allocation, amount of emission per unit resource or efficiency in emission 
reduction and SLA satisfaction ration (SLS). SLS determines what ratio of served connection requests received a route 
that met the requested SLA parameters (availability) value is simulated for all previously stated routing mechanism. 
Blocking rate of network for all routing mechanisms averaged around 7 % and was not graphed. 
 
 
 
Fig. 1. NSFnet topology 
4.2 Simulation Results 
This part of paper interprets the obtained results from simulation. Results of simulation for average Co2 emission per 
unit resource per 6 hour interval of emission topology change are presented on Fig. 2. Fig. 2 shows that EASB reduces 
the emission of network when compared against SLA based (SB) mechanism by about 14% followed by A-EASB and 
DP-EASB reducing the emission even more by additional 10%. Fig. 3 repeats the simulation for average Co2 emission 
per lambda per 12 hour of emission topology change. In this graph again, EASB successful reduces the emission by 
about 14% and A-EASB and DP-EASB reduce the emission by further 10%. DP-EASB has slightly more emission 
compared to A-EASB in both of Fig. 2 and Fig. 3 as anticipated, however as mentioned before, DP-EASB reduces 
the re-provisioning overhead of the control plane of optical network by a considerable amount. As expected, EE and 
A-EE have lower emission per lambda however at the cost of an increase in average route length discussed in graphs 
4 and 5. Fig. 4 shows result of simulation for average route length for 6 hour emission topology change interval. This 
figure shows that EASB, A-EASB and DP-EASB are about 25% more resource efficient and have less average route 
length compared to A-EE and EE. Higher average route length is translated to higher average cost of provisioning for 
ISPs and optical network providers. These results are repeated in Fig. 5. It is very interesting to note that family of 
EASB routing mechanisms (EASB, A-EASB and DP-EASB) are even more resource efficient than SB and this is due 
to the fact that family of EASB routing mechanisms use the hybrid cost for decision making which is composed of 
route length and minimizing this hybrid cost also reduces the average route length. Fig. 6 represents the result of 
comparing the SLA satisfaction rate for EASB, A-EASB, DP-EASB and SB against EE and A-EE. As stated in the 
algorithm of calculation of hybrid cost, k most available routes are found as the first step for calculating the hybrid 
cost however no route is assigned to the connection request if it doesn’t meet or exceed the SLA parameters 
(availability) of the connection request. Therefore a connection is “satisfied” if served. That is why all served 
connections in a network adopting EASB family of routing mechanisms and SB are 100% satisfied, and is 12% more 
than EE and A-EE. The satisfaction rate becomes even more important when rerouting is considered to replace the 
current route of an established connection. With A-EASB and DP-EASB rerouting mechanism does not reduce the 
SLA satisfaction since new route replaces old route if first of all meets the SLA parameters of currently established 
connection. The SLA satisfaction is reduced with A-EE by 3% since the new route may or may not meet the SLA 
parameters of connection request in a network operated by EE and A-EE.  Fig. 7 also repeats the 11-12% less SLA 
satisfaction for EE and A-EE in 12 hour topology change interval however SLA reduction due to re-provisioning (re-
routing) is not significant as 12 hours is longer than mean connection duration and most of connections finish within 
12 hours without needing re-provisioning. 
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Fig. 2. Co2 emission per lambda for 6 hour emission topology 
change interval 
Fig. 3. Co2 emission per lambda for 12 hour emission topology 
change interval 
  
Fig. 4. Average connection length for 6 hour emission topology 
change interval 
Fig. 5. Average connection length for 12 hour emission topology 
change interval 
  
Fig. 6 SLA satisfaction rate for 6 hour emission topology change 
interval 
Fig. 7. SLA satisfaction rate for 12 hour emission topology change 
interval 
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4. Conclusion 
By adopting EASB family of routing mechanisms in control plane of optical networks, emission of operation of 
network is reduced while SLA satisfaction kept at 100%. EASB, A-EASB and DP-EASB reduced the emission of 
network by incorporating energy and emission LSAs and calculating a hybrid cost for a candidate route to be assigned 
to the connection requests. Since hybrid cost is composed of length of route and amount of emission of route, 
minimizing it helped reducing the average route length as well. EASB family of routing mechanisms helped reducing 
the mission of network in automatic and systemic approach.  
By automating the process of serving the connection requests, connection requests are served with routes that have 
lower emission which have been processed without human interaction. 
Future work in this field will concentrate on increasing the throughput of control plane to be able to accept more 
number of connections per emission topology change interval. Faster processing of connection requests reduces the 
overhead of control plane of GMPLS network. 
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